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(57) ABSTRACT

A MEMS lead frame package body encloses a MEMS device
enclosed in an internal cavity formed by the mold body and
cover. A conductive internal shell with a connection window
sits in the cavity. The MEMS device is mounted in the shell
and electrically coupled to the lead frame through wire bonds
directed through the connection window. To accommodate a
MEMS microphone, an acoustic aperture extends through the
mold body aligned with a hole in the internal shell.

8 Claims, 15 Drawing Sheets



U.S. Patent Feb. 16, 2016 Sheet 1 of 15 US 9,260,293 B2

100~ &

FIG. 14

L1101

e
\—/

FIG. 1B



U.S. Patent Feb. 16, 2016 Sheet 2 of 15 US 9,260,293 B2




U.S. Patent Feb. 16, 2016 Sheet 3 of 15




U.S. Patent Feb. 16, 2016 Sheet 4 of 15 US 9,260,293 B2

206 271 20\2T
| |
(r ‘\ ! /’ )
f )
| ASIC T~
’/
MEMS PD ——
270 = \‘ |
\ / ™~
J
202C Y
202H—C 206 J)
202C 4 202M
)
202H—~
|
|
|
|
oIS ~~
. J

e e e e

FIG. 2F



U.S. Patent Feb. 16, 2016 Sheet 5 of 15 US 9,260,293 B2

280 203R 203E

282—?_ V////////////(\ //////////////////AI m
281 203D 203F

FIG. 21




U.S. Patent

Feb. 16, 2016

300 \

Provide Pre-Molded Package
301

Y

Install MEMS Device
302

Y

Add Conductive Material
to Conductive Column
303

Y

Attach Cover
304

Y

Additional Steps
305

FIG. 3

Sheet 6 of 15

400 ‘\

US 9,260,293 B2

Provide Mold
401

Y

Insert Lead Frame
402

Y

Close Mold
403

Y

Inject Mold Compound
404

FIG. 4



U.S. Patent Feb. 16, 2016 Sheet 7 of 15 US 9,260,293 B2

500
\\ 502A



US 9,260,293 B2

U.S. Patent




U.S. Patent Feb. 16, 2016 Sheet 9 of 15 US 9,260,293 B2




U.S. Patent Feb. 16, 2016

Sheet 10 of 15

US 9,260,293 B2

706A

706A 70\5 272 2§)4 271 706A
\
X ( o A

703—]
N N\
77, 77, 77, 77 77 77 77
7 ’//,// ’///// o ASI //,// 7 i ey
SIS LIS . /s,

ARRRNRRRRARRRRRSN
\V AL, //\/////\///\/<{2///\///}///\1 ///>//}A(\/////// //////<{//AI

706 710

708

FIG. 7B

203

/
706



U.S. Patent Feb. 16, 2016 Sheet 11 of 15




U.S. Patent

Feb. 16, 2016

Sheet 12 of 15

US 9,260,293 B2

/— 800

810 271 272 206
(] ] )
(| \ [ ] h
[// \\ ( |\\3

T TwsicU 1]
e Py ‘\\
MEMS £ s
270 ~ ~ il
\g /)
\N /)
g J

—203

> 203F

206




U.S. Patent Feb. 16, 2016 Sheet 13 of 15 US 9,260,293 B2

810 811
812
813 FIG. 8E
900 —\

Provide Pre-Molded Package 901
Insert Shtll 902
Install MEMStevice 903
Provide ijer 904
Additional ieps 905

FIG. 9



U.S. Patent Feb. 16, 2016 Sheet 14 of 15 US 9,260,293 B2

FIG. 104

FIG. 10B



US 9,260,293 B2

U.S. Patent

FIG. 10C



US 9,260,293 B2

1
PRE-MOLDED MEMS DEVICE PACKAGE
WITH CONDUCTIVE SHELL

This application is a divisional application of U.S. appli-
cation Ser. No. 13/795,902, filed Mar. 12, 2013 now U.S. Pat.
No. 8,941,223, by Thomas M. Goida, which claims priority to
U.S. Provisional Patent Application No. 61/698,966 filed
Sep. 10, 2012, the full disclosure of which is hereby incorpo-
rated by reference herein.

Related application filed on the same date as U.S. patent
application to which the present application claims priority
and having the same inventor and same assignee as the
present application; and entitled “Pre-Molded MEMS Device
Package Having Conductive Column Coupled to Leadframe
and Cover”, U.S. patent application Ser. No. 13/795,874,
issued as U.S. Pat. No. 9,162,872 on Oct. 20, 2015 hereby
remains incorporated by reference herein in its entirety.

TECHNICAL FIELD

The present invention relates to MEMS devices, and par-
ticularly to packaging for MEMS devices.

BACKGROUND ART

It is known in the prior art to package integrated circuits in
any of a variety of plastic packages. Some plastic packages
involve mounting an integrated circuit to a lead frame, and
then placing the integrated circuit, and portions of the lead
frame, within a mold, and filling the mold with fluid plastic.
When the plastic hardens, the integrated circuit and portions
of the lead frame are encapsulated within the plastic.

Such techniques and packages are not suitable for all
devices, however. For example, many micro-electro-me-
chanical systems (MEMS) devices have moving parts. Such
moving parts may be damaged or fixed in place by the injected
plastic, for example. As such, MEMS devices are typically
packaged in air cavity packages.

SUMMARY OF THE EMBODIMENTS

In a first embodiment of the invention, there is provided a
package for a MEMS device, the package including a lead
frame comprising a die-bonding area, and a plurality of bond
pads; a mold body forming a cavity and an exterior surface,
the mold body partially encapsulating the lead frame and
having an interior window area to accommodate the die-
bonding area and exterior window area in the bottom surface
to accommodate the plurality of bond pads; a MEMS device
mounted in the cavity; a conductive cover, the conductive
cover physically coupled to the mold body and completely
covering the cavity so as to form an enclosed chamber within
the package, the MEMS device contained within the cham-
ber; and a conductive column, the conductive column com-
prising a hole within the mold body and an electrically con-
ductive material within the hole, the electrically conductive
material electrically and physically coupled to the lead frame
and to the cover.

In another embodiment, the package includes a plurality of
shoulders and an integrated circuit mounted to the shoulders
over the MEMS device so as to be separated from the MEMS
device by a gap. In some of these embodiments, the shoulders
are formed by the mold body.

In some embodiments, the MEMS device is a microphone,
and wherein the lead frame further comprises an acoustic
aperture.
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In some embodiments, the conductive material is one of
solder or a conductive epoxy.

In some embodiments, the cover is hermetically sealed to
the mold body.

In some embodiments, the conductive cover is a metal
cover, and in some embodiments the conductive cover is a
plastic cover with a conductive coating.

In some embodiments, the plurality of bond pads are flush
with the exterior surface.

In some embodiments, the mold body is one of epoxy
molding compound (EMC) or liquid crystal polymer (LCP).

Some embodiments also include a conformal conductive
coating on the cover and mold body.

In some embodiments, a passive device is encapsulated by
the mold body. In some of these embodiments, the lead frame
includes a tongue, and the passive device, also referred to
herein as a circuit element, is coupled to the tongue. The
passive device may be a semiconductor device, a resistor,
capacitor or inductor.

In some embodiments, the package also includes a plural-
ity of conductive bumps on a side of the package that includes
the conductive cover.

In another embodiment, a MEMS lead frame package for
mounting on a circuit board includes a lead frame comprising
a die-bonding area and an aperture; a mold body, the mold
body having an acoustic aperture aligned with the aperture in
the lead frame, a bottom surface on a first side of the mold
body, and a connector surface on a second side of the mold
body, the second side being opposite the first side, the mold
body forming a cavity extending into the connector surface,
the mold body partially encapsulating the lead frame and
exposing the die-bonding area in the cavity; a MEMS micro-
phone mounted in the cavity; a cover physically coupled to
the connector surface so as to completely cover the cavity
such that the lead frame and the cover are electrically coupled,
the cover and the cavity forming a chamber within the mold
body and surrounding the microphone; a plurality of conduc-
tive bumps on the connector surface, each of the conductive
bumps separated from the cover, the conductive bumps con-
figured to couple the package to a circuit board; and a plural-
ity of through mold vias, each of the plurality of through mold
vias coupled to the lead frame and a corresponding one of the
conductive bumps.

In some embodiments, the package also includes a conduc-
tive column, the conductive column comprising a hole within
the mold body and an electrically conductive material within
the hole, the electrically conductive material electrically and
physically coupled to the lead frame, and the cover is config-
ured to at least partially cover the conductive column.

In another embodiment, a package for a MEMS device, the
package includes a lead frame comprising a plurality of inte-
rior bond pads; a mold body partially encapsulating the lead
frame, the mold body forming a cavity and a bottom surface,
the mold body partially encapsulating the lead frame, such
that the plurality of interior bond pads are exposed within the
cavity; a conductive shell having a connection window, the
shell electrically coupled to the lead frame and residing
within the cavity such that the connection window aligns with
the plurality of interior bond pads; a MEMS device mounted
to the shell, and electrically coupled to the plurality of interior
bond pads through a plurality of wire bonds; and a conductive
cover, the conductive cover physically and electrically
coupled to the shell and completely covering the cavity such
that the cover and the shell form an enclosed chamber within
the package, the MEMS device contained within the chamber.

In some embodiments, the conductive cover is hermeti-
cally sealed to the shell.
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In some embodiments, the mold body also includes a bot-
tom aperture, and the conductive shell further comprises an
acoustic aperture, the shell residing within the cavity such
that the acoustic aperture aligns with the bottom aperture.

In some embodiments, the package also includes at least
one circuit element mounted to the lead frame and embedded
within the mold body, and in some embodiments the at least
one circuit element comprises a semiconductor device.

In some embodiments, the conductive shell includes a plu-
rality of shoulders, and an integrated circuit mounted to the
shoulders such that the integrated circuit is mounted adjacent
to, but spaced from, the MEMS device.

In some embodiments, the package also includes plurality
of'conductive bumps on the mold body, the conductive bumps
spaced from the conductive cover.

In some embodiments, the conductive shell has a flange
about its periphery and the cover is sealed to the flange of the
shell.

In some embodiments, the conductive cover is hermeti-
cally sealed to the mold body.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of embodiments will be more
readily understood by reference to the following detailed
description, taken with reference to the accompanying draw-
ings, in which:

FIGS. 1A and 1B schematically illustrate a mobile phone
in which a packaged MEMS device may be used;

FIGS. 2A-21 schematically illustrate various views and
features of a MEMS lead frame package;

FIG. 3 is a flow chart that illustrates a method of fabricating
a MEMS lead frame package;

FIG. 41s a flow chart that illustrates a method of fabricating
a mold body;

FIGS. 5A-5D schematically illustrate various views and
features of a MEMS lead frame package;

FIGS. 6A-6B schematically illustrate various views and
features of a MEMS lead frame package with embedded
circuit elements;

FIGS. 7A-7B schematically illustrate various views and
features of a MEMS lead frame package with internal shoul-
ders;

FIGS. 8A-8E schematically illustrate various views and
features of a MEMS lead frame package with an internal
conductive shell;

FIG.9is a flow chart that illustrates a method of fabricating
a MEMS lead frame package with an internal conductive
shell; and

FIGS. 10A-10C schematically illustrate various views and
features of a MEMS lead frame package with an internal
conductive shell.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Various embodiments provide pre-molded plastic pack-
ages that are suitable for packaging MEMS devices, includ-
ing microphones for example. Some embodiments also pro-
vide protection against electromagnetic interference (“EMI”)
at the same time.

Traditional plastic packaging methods and structures have
been unavailable for MEMS devices because the movable
structures of a MEMS device would be easily damaged by
injecting hot, liquid plastic into a package mold holding the
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4
MEMS device. Further, prior art plastic packages fail to pro-
vide protection against -electromagnetic interference
(6‘EMI”).

A Bottom-Port Microphone

FIGS. 2A-2] schematically illustrate various views and
features of a bottom-port package 200 that provides EMI
protection for a MEMS device 270 and an integrated circuit
271. In this embodiment, MEMS device 270 is a MEMS
microphone, and the bottom port 201 allows sound to enter
the package 200 and reach the microphone 270 in an interior
chamber 230 within the package 200. Although various illus-
trative embodiments are described in terms of MEMS micro-
phones, the features described herein are not limited to pack-
aging MEMS microphones.

Package 200 includes a mold body 202, a lead frame 203,
and a conductive cover 204 that cooperate to enclose the
MEMS device 270.

The mold body 202 is pre-molded so as to partially encap-
sulate the lead frame 203. In particular, the lead frame 203 is
partially encapsulated in the bottom surface 202B of the mold
body 202, such that portions of the lead frame 203 are
exposed. The lead frame includes external bond pads 203E
that are exposed on an outside surface 202B of the package
200 for the purpose of making connections to a circuit board
or external system, such as the circuit board 101 in FIG. 1B in
the cellular phone 100 in FIG. 1A, for example. To this end,
the external bond pads are exposed through exterior window
areas 202G in the mold body 202.

In this embodiment, the lead frame is defined by parallel,
non-coplanar portions, 280 and 281, as schematically illus-
trated in FIGS. 2G-2I, in which FIG. 2I is a cross section of
the lead frame 203 along section B-B.

Some portions of the lead frame 203 are exposed into a
cavity 205 in the mold body 202. To that end, one portion 281
of the lead frame 203 includes a die bonding area 203D and
several internal bond pads 203F, all of which are exposed
within the cavity 205. More specifically, the bond pads 203F
and die bonding area may be exposed through interior win-
dow areas 2027. Such window areas may be formed when the
mold body is injection molded, for example.

The other portion 280 of the lead frame includes external
bond pads 203E and aperture surround pad 203R aligned with
mold body bottom surface 202B. In specific embodiments,
the external bond pads 203E and aperture surround pad 203R
lie flush with the mold body bottom surface 202B. Although
described separately, portions 280 and 281 are contiguous
and parallel along a single plane 282.

The MEMS device 270 is mounted in the cavity, and may
be electrically coupled to the die bonding area 203D and/or
the internal bond pads 203F or to integrated circuit 271 by a
plurality of wire bonds 206. The internal bond pads 203F are
exposed on the outside of the package as external bond pads
203E. Thus, electrical signals to and from the MEMS device,
or other internal circuitry, may be exchanged with the envi-
ronment external to the package 200 (e.g., circuit board 101
and/or a larger system such as phone 100 of which the pack-
age 200 is a part).

The cover 204 is physically mounted to a top surface 202T
of the mold body 202, which top surface 202T is on the
opposite side of package 200 from the bottom surface 202B.
The cover 204 may be plastic or metal, and may be conductive
or non-conductive. However, in illustrative embodiments,
cover 204 is conductive so as to contribute to the EMI pro-
tection provided by package 200. To this end, cover 204 may
be metal, or may be plastic or other material with a conductive
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coating. In some embodiments, the cover 204 may be
attached to the mold body 202 via an epoxy or other adhesive
209, and in some embodiments, the epoxy or other adhesive
may form a seal between the mold body 202 and cover 204,
such that the cover 204 is hermetically attached to the mold
body 202.

In this embodiment, the mold body 202 also includes a
conductive column 202C that extends from the top surface
202T into the mold body 202. In this embodiment, the con-
ductive column 202C is a cylindrical hole 202H within the
mold body, although the shape of the cross-section of the
conductive column could have any shape, including rectan-
gular shape, a triangular shape, or any of a variety of non-
circular shapes. However, in its finished form, the hole 202H
is not empty. Rather, the hole 202H includes an electrically
conductive material 202M. The electrically conductive mate-
rial 202M may be any of a variety of conductive materials,
such as conductive epoxy or solder, to name but a few. In some
embodiments, the electrically conductive material 202M may
be a conductive epoxy, and specifically may be a bead of
conductive epoxy that is the same as, and may even be con-
tiguous with, the epoxy 209 that secures the cover 204 to the
mold body 202. Alternately, the electrically conductive mate-
rial may be an extension of the lead frame 203 that extends
through the mold body in a direction normal to the die mount-
ing area. The conductive material 202M extends through the
hole 202H and stops substantially flush with the top surface
202H, so as not to interfere with the placement of cover 204.

The electrically conductive material 202M of the conduc-
tive column 202C is electrically and physically coupled to
both the lead frame 203 and to the cover 204. In other words,
the cover 204 is electrically coupled to the lead frame 203
through the conductive material 202M. In some embodi-
ments, the cover 204 may be electrically coupled to a
grounded portion of the lead frame (that is, a portion of the
lead frame 203 that will be coupled to the electrical ground of
the power supply that supplies power to the MEMS device).

To that end, in some embodiments the cover 204 is attached
to mold body 202, and specifically to surface 202T, such that
the cover 204 extends over, or at least partially over, the
conductive column 202C, and therefore over the conductive
material 202M. In addition, some embodiments attach the
cover 204 to the mold body 204 using a conductive epoxy
209, so that the conductive epoxy serves to electrically couple
the cover 204 to the conductive material 202M in conductive
column 202C.

Some embodiments also include a conformal conductive
coating 225 on cover 204 and portions of mold body 202. The
conformal conductive coating serves to improve the EMI
shielding characteristics of the package. In some embodi-
ments, the coating may contribute to hermetically sealing the
cover 204 to mold body 202, for example.

In the embodiment of FIGS. 2A-2I, the lead frame 203
includes an aperture 203 A to allow sound to pass through the
lead frame 203 and thereby to enter the interior of the package
200 and reach the MEMS microphone 270 inside the package
200. Of course, if the package 200 does not contain a micro-
phone, such an aperture might be omitted.

The lead frame aperture 203A may be partially filled with
mold body 202 to form an aperture. The aperture (bottom port
201) in the mold body 202 is aligned with the lead frame
aperture, to allow the passage of acoustic energy into the
package 200. Aperture surround pad 203R is exposed through
the mold body 202 to solder onto a surface to which the
package 200 is mounted (such as circuit board 101, for
example).
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A method of fabricating a package, such as package 200 for
example, is illustrated by flow chart 300 in FIG. 3. The pro-
cess 300 begins by providing 301 a pre-molded package. The
pre-molded package includes a lead frame partially encapsu-
lated in a mold body. The mold body may be made of mold-
able material such as epoxy molding compound (EMC) or
liquid crystal polymer (L.CP) for example. The mold body
also has a hole for the conductive column.

A MEMS device is installed 302 in the cavity mold body. In
particular, the MEMS device is installed on a die attach por-
tion of the lead frame. Electrical connections are typically
achieved through wire bonding from the MEMS device to
other circuitry or to the lead frame.

Next, a conductive material is inserted 303 into the hole
202H to form the conductive column. The conductive mate-
rial should terminate substantially flush with the top surface
of'the mold body. Typically, a conductive epoxy or a solder is
used.

A cover is attached 304 to the mold body. The cover is
conductive, and covers the conductive column and cavity. The
cover is secured to the mold body such that the cover is in
electrical contact with the conductive material in the conduc-
tive column. In this way, the cover is in electrical contact with
the lead frame. Later, the package may be mounted to a circuit
board or another part of a larger system so that the cover is
connected to an electrical ground through the lead frame and
conductive column, so as to provide EMI protection to the
MEMS device and/or other circuits within the package.

Some fabrication processes may include additional steps
305. For example, some embodiments add a conformal con-
ductive coating to the cover and top surface of the package. If
the package 200 is fabricated simultaneously with many other
packages from a common set of connected lead frames, an
additional step may include trimming and singulating to sepa-
rate or dice into individual packages. In the trimming and
singulating process, an outer frame holding the die bonding
area 203D and pads 203E, 203F together is disconnected
leaving these areas of the lead frame electrically isolated as
shown in FIGS. 2G-1.

A method 400 of fabricating a mold body with a conductive
column is illustrated by the flow chart in FIG. 4. The process
400 begins by providing 401 a mold. The mold may include
two opposing portions (a top portion and a bottom portion)
that fit together to form a chamber into which mold compound
may be introduced. The top portion of the mold may have a
first projection in the shape of a conductive column. The
projection extends from the part of the mold, towards the
opposing part of the mold. A second projection extends from
the same part of the mold, and has the shape of the cavity 205
described above.

If the mold body is to have a bottom port 201, the second
projection may include an extension in the shape of the bot-
tom port 201, which extension reaches all the way to the
bottom portion of the mold. Alternately, a third projection in
the shape of the bottom port 201 may extend from the bottom
portion of the mold, so as to contact the second projection
when the mold is closed.

A lead frame is inserted 402 into the mold, such that exter-
nal bond pads 203E, and surround pad 203R if present, physi-
cally contact the bottom portion of the mold. The mold is
closed around the lead frame, such that the distal ends of the
above-mentioned first and second projections are in contact
with the lead frame.

Mold compound is then injected 404 into the mold. The
mold compound fills the interior of the mold, except where
the projections occupy that space. As such, the lead frame is
encapsulated in mold compound, except that the external



US 9,260,293 B2

7

bond pads are exposed at an external surface of the mold
body, and other portions of the lead frame (such as the die
bonding area and internal bond pads, for example) are
exposed in the cavity left by the second projection. The first
projection leaves a hole 202H as mentioned above. A third
projection, if present, leaves a bottom port. When the mold
compound has solidified, the mold may be opened and the
mold body released from the mold.

Next, a conductive material is inserted into the hole 202H
at step 405 to form the conductive column. The conductive
material should terminate substantially flush with the top
surface of the mold body.

A Top-Port Microphone

An embodiment of a top-port microphone package 500 is
schematically illustrated in FIGS. 5A-5D. Package 500
includes a pre-molded mold body 502, a partially embedded
lead frame 203, a cover 504, and conductive bumps 511. As
such, the structure and its fabrication have much in common
with the structure and fabrication of package 200. As such,
much of the detail will not be repeated here. However, there
are some significant differences, as discussed below.

Unlike package 200, the connections from package 500 to
aprinted circuitboard 101 (or larger system of which package
500 is a part) are made on the side 502C that includes the
cover 504, and that is opposite the side 502A containing the
aperture 501. In particular, the package 500 makes physical
and electrical contacts by a plurality of conductive bumps
511. In specific embodiments, conductive bumps 511 may be
solder balls, for example. Conductive bumps extend from the
surface 502C above the cover 504. Although bond pads and
an aperture surround pad are illustrated in FIG. 5A, these
features could be omitted in this embodiment.

The conductive bumps 511 are, in turn, electrically coupled
to the lead frame 203 via through-mold vias. As such, the
through-mold via includes a conductive material to which a
conductive bump may be physically and electrically con-
nected. Each conductive bump 511 may thus be connected to
specific signal or power lines for connection to the MEMS
device or other circuitry within the package.

The cover 504 is similar to cover 204, but includes cut-outs
or notches 504N in the vicinity of the conductive bumps 511,
to accommodate the conductive bumps 511 such that the
conductive bumps 511 are separated from the cover 504.
Thus, at the surface the conductive bumps 511 and the cover
504 do not touch and are electrically isolated. Further, cover
504 may be electrically coupled to the lead frame 203 with a
conductive column 202C. Alternatively, the mold body could
be made without the conductive column 202C and one of the
through mold vias or its conductive bump can be designed to
contact the cover and provide electrical connection with the
cover. Thus one conductive bump can serve as ground and the
remaining plurality of conductive bumps can be used for
other signals.

Package 500 may be fabricated in accordance with the
methods 300 and 400 illustrated in FIG. 3 and FIG. 4, respec-
tively. To that end, the method of fabricating a mold body also
includes fabricating holes 511H for one or more through-
mold vias. The step of adding conductive material to form the
conductive column may be omitted if the package is made
without a separate conductive column. Instead, conductive
material can be added to fill the through-mold vias. Addi-
tional material is deposited to form the conductive bumps 511
as known in the art. The through-mold vias can be filled
before the cover is attached, but preferably the vias are filled
and bumps formed after the cover has been attached.
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The through-mold vias and conductive bumps 511 extend
beyond the surface 502C of mold body 502 and beyond cover
504, so that the package 500 is spaced from the circuit board
101 to which is it mounted by the height of the conductive
bumps. The gap 520 between the package 500 and circuit
board 101 allows for differences between the thermal expan-
sion of the package 500 and the circuit board 101. As such, the
extension of the through-mold vias and conductive bumps
beyond surface 502C is an important feature.

Embedded Circuit Elements

Despite forming the mold body with a cavity, in accor-
dance with some embodiments of the present invention, cir-
cuit elements are embedded in the mold body 602. Such
circuit elements may be molded into the mold body along
with the lead frame. For example, various components may
be mounted to a lead frame before the molding process. Such
alead frame 603 is schematically illustrated in FIG. 6 A, onto
which are mounted circuit elements 610 and 611.

Circuit elements 610 and 611 may be passive elements,
such as resistors, capacitors or inductors, or may be semicon-
ductor elements such as diodes or surge protection circuits,
for example. Of course, elements 610 and 611 need not be the
same type of element; one may be a resistor and the other a
capacitor or semiconductor element, for example.

The circuit elements 610 and 611 are each electrically
coupled to lead frame 603. Lead frame 603 is similar to other
lead frames described herein, but it also has a tongue 603T
configured for mounting circuit elements 610 and 611. In this
embodiment, tongue 6037 is in the same plane as die bonding
area 603D. As schematically illustrated in FIG. 6A, circuit
element 610 is coupled between bond pad 604 and lead frame
tongue 603T. Similarly, circuit element 611 is coupled
between bond pad 605 and lead frame tongue 603T.

The circuit elements 610 and 611 may be selected and
configured to provide any of a variety of possible functions.
For example, if tongue 603T is coupled to ground and if bond
pad 604 is coupled to a power supply, circuit element 610 may
be a decoupling capacitor or a surge protection circuit, for
example. Alternately, elements 610 and 611 may represent a
resistor and capacitor, respectively, and may provide an R-C
filter on the output ofthe microphone 270 or integrated circuit
271.

Lead frame 603 may be partially encapsulated into a mold
body 602 using methods described herein for other embodi-
ments. However, in the case of the embodiment of FIG. 6A,
the circuit elements 610 and 611 are also embedded in the
mold body 602, as schematically illustrated in FIG. 6B.
Embedded elements may thus be conveniently included in the
package without enlarging the cavity. A more miniaturized
package is thus possible.

Shouldered Package

Some embodiments may enclose MEMS devices and inte-
grated circuits in a multi-level and overlapping configuration.
With such a construction, the footprint of the package may be
reduced. Elements of one such embodiment are schemati-
cally illustrated in FIG. 7A, and in cross section along line
A-A' in 7B, and include a mold body 703, lead frame 203,
cover (or “1id”) 204, MEMS device 270 and integrated circuit
271. In other embodiments, the integrated circuit may be
made with one or more through-holes and the MEMS device
mounted in the cavity on top of the integrated circuit. As such,
the MEMS may be a microphone acoustically connected with
the outside through the through-hole in the integrated circuit,
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an aperture in the lead frame and the bottom port of the
package. This overlapping configuration is described in more
detail in this inventor’s US Published Patent Application
2012/0027234 entitled “Reduced Footprint Microphone Sys-
tem with Spacer Member having Through-Hole,” the full
disclosure of which is hereby incorporated by reference
herein.

Referring back to FIG. 7A, mold body 703 is similar to
other mold bodies described herein, except that it has a con-
toured, or multi-tiered, cavity 705. With the cover 204
attached, the cavity and cover form a chamber. Mold body
703 has walls with different thicknesses at different depths.
For example, the thickness of mold body 703 is greater at a
level up near the lead frame (e.g., 0.5 to 0.7 mm, for example)
than at a level down nearer the cover 204. More specifically,
cavity 705 has shoulders 706 to support integrated circuit 271
spaced from MEMS device 270. To that end, integrated cir-
cuit 271 rests on surfaces 706A of shoulders 706, and is
directly above MEMS device 270. A gap 708 is thus main-
tained between the MEMS device 270 and the integrated
circuit 271. When the MEMS device is a microphone, the
chamber acts as a back volume. When mounting an integrated
circuit 271 over the MEMS microphone, the gap 708 allows
the MEMS microphone to be acoustically coupled to the back
volume within the chamber. In this embodiment, a passive
device 272, which may be known as an “integrated passive
device” or “IPD,” is included above integrated circuit 271.

In some embodiments, integrated circuit 271 is electrically
coupled to lead frame 203 by one or a plurality of conductive
columns 710 that extends vertically from the lead frame 203
through the shoulder 706. Conductive column 710, is similar
to conductive column 202C, and is fabricated by a similar
method, except that conductive column 710 extends only
from lead frame 203 to shoulder 706.

Conductive Shell

Some embodiments include a partial shell within the pack-
age to provide additional EMI protection. FIG. 8 A-8E sche-
matically illustrate various portions of one embodiment 800,
including mold body 202 and lead frame 203, which are
fabricated in accordance with the methods described above.

Package 800 also includes a half-shell, or tub, 810 within
cavity 205. The shell 810 may, in some embodiments, have a
shape similar to the shape of'a bathtub. In some embodiments,
the shell 801 may include a flange 813 about its periphery to
support the shell within a mold body (see, for example, FIG.
8B), and/or to provide a surface for making contact with a
cover. In some embodiments, shell 810 may have shoulders
and surfaces to support integrated circuit 271 spaced from
MEMS device 270, similar to the shoulders 706 and surfaces
706A described above. In some embodiments, the shell 810
has a shape that matches the contour of the cavity in the mold
body.

Shell 810 is conductive, and may be metal, or plastic with
a conductive coating, for example. Shell 810 also includes a
window aperture, 811, and if the MEMS device 270 is a
microphone, may also include a sound hole 812. When
installed, the sound hole is aligned with bottom port 201 in the
mold body to allow sound from outside of package 800 to
reach the MEMS microphone 270 within package 800, and
window aperture 811 is aligned with bond pads 203F for
example.

MEMS device 270 and integrated circuit 271 are mounted
in the shell 810. Integrated circuit 271 is electrically coupled
to internal bond pads 203F by wire bonds 206, for example.
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MEMS device 270 is also connected to the internal bond pads
203F through wire bonds either directly or indirectly through
other circuits.

In some embodiments, shell 810 may be electrically
coupled to lead frame 203, for example by being mounted to
die mounting area 203D, and/or by a conductive column such
as column 202C, for example. A cover, similar to covers
disclosed in other embodiments, is also attached to the mold
body as explained in other embodiments.

A method of fabricating such a package 800 is illustrated in
FIG. 9, and begins by providing 901 a mold body. The mold
body may be any of the variety of mold bodies described
herein.

The shell is installed 902 into the cavity of the mold body.
A MEMS device, and integrated circuits, may be mounted
into the shell either before the shell is installed into the mold
body, or afterwards. The MEMS device is wire bonded 903 to
make its electrical connections. A cover is added to cover the
cavity and shell at step 904, and forms a chamber within the
mold body, which chamber encloses the MEMS device. The
cover may be electrically coupled to the shell, and thereby to
the lead frame 203. Thus, the cover can be electrically
grounded without needing a conductive column through the
mold body. The cover can be hermetically sealed to the flange
813 of the shell 810. Alternatively, the cover may be attached
s0 as to be hermetically sealed to the mold body. Additional
steps, such as adding a conformal conductive coating as
described in other embodiments, may also be performed.

An alternate embodiment, disclosing a top-port micro-
phone system 1000, is schematically illustrated in FIGS.
10A-10C. This embodiment is similar to the embodiment of
package 800 in that it includes a lead frame, mold body, shell,
and conductive cover. However, package 1000 is configured
to mount to a circuit board (e.g. circuit board 101) or other
system (e.g., phone 100) on the side 1001 opposite the side
1002 that includes a sound port 1003.

To that end, system 1000 includes conductive bumps 511
electrically coupled to lead frame 203 by through-mold vias,
as described in connection with FIGS. 5A-5D, for example.
Conductive bumps extend above cover 504.

DEFINITIONS

As used in this description and the accompanying claims,
the following terms shall have the meanings indicated, unless
the context otherwise requires.

The term “aligned with” when used in connection with a
window and associated bond pads means that the bond pads
on one side of the window are physical accessible from the
other side of the window, for example by a wire bond.

The term “partially encapsulated” when used in connection
with a lead frame and a mold body means that portions of the
lead frame are encapsulated in the mold body, while other
parts of the lead frame are exposed at or through a surface of
the mold body. For example, a die bonding area or a bond pad
may be exposed in a window area of a mold body.

The term “aligned with” when used in connection with
acoustic apertures (e.g., holes that cooperate to allow sound to
pass from the outside of a package to the inside of a package)
means that the apertures overlap such that a single straight
line could pass through both apertures.

The embodiments of the invention described above are
intended to be merely exemplary; numerous variations and
modifications will be apparent to those skilled in the art. For
example, without limiting the generality of the foregoing, any
of a variety of lead frames may be used in conjunction with
any of a variety of mold body configurations, including those
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described above. In addition, all embodiments may include
circuit elements embedded in the mold body. All such varia-
tions and modifications are intended to be within the scope of
the present invention as defined in any appended claims.

What is claimed is:

1. A MEMS lead frame package for mounting on a circuit

board, the package comprising:

a lead frame comprising a bottom aperture, and a plurality
of internal bond pads;

a mold body,

the mold body having an aperture surface on a first side of
the mold body, and a connector surface on a second side
of'the mold body, the second side being opposite the first
side,

the mold body forming a cavity extending into the connec-
tor surface,

the mold body partially encapsulating the lead frame such
that the plurality of internal bond pads are exposed in the
cavity, and a bottom aperture is exposed at the aperture
surface;

a conductive shell having an acoustic aperture and a con-
nection window, the conductive shell electrically
coupled to the lead frame and residing within the cavity
such that the acoustic aperture aligns with the bottom
aperture, and such that the connection window aligns
with the plurality of internal bond pads;

a MEMS device mounted to the conductive shell, and elec-
trically coupled to the plurality of internal bond pads
through a plurality of wire bonds;

a cover physically coupled to the connector surface so as to
completely cover the conductive shell, the cover and the
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conductive shell forming a chamber within the mold
body and surrounding the microphone;

a plurality of conductive bumps on the connector surface,
each of the conductive bumps spaced apart from the
cover, the conductive bumps extending above the cover;
and

a plurality of through mold vias, each of the plurality of
through mold vias coupled to the lead frame and a cor-
responding one of the conductive bumps.

2. The MEMS lead frame package of claim 1, wherein the
conductive cover is hermetically sealed to the conductive
shell.

3. The MEMS lead frame package of claim 2, wherein the
MEMS device is a MEMS microphone.

4. The MEMS lead frame package of claim 1, further
comprising at least one circuit element mounted to the lead
frame and embedded within the mold body.

5. The MEMS lead frame package of claim 4, wherein the
at least one circuit element comprises a passive device.

6. The MEMS lead frame package of claim 1, wherein the
conductive shell includes a plurality of shoulders, and
wherein an integrated circuit is mounted to the shoulders such
that the integrated circuit is mounted adjacent to, but spaced
from, the MEMS device.

7. The MEMS lead frame package of claim 1, wherein the
conductive shell includes a flange extending about a periph-
ery of the conductive shell and wherein the conductive cover
is sealed to the flange.

8. The MEMS lead frame package of claim 1, wherein the
conductive cover is hermetically sealed to the mold body.
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